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!l J*!?^'^!? P®"^^ ^ the formation of 

the effiectiVB fihn by a wetting action between the molten 
material and the substance providing such area. Other 
parts of the heated surface are so devised that they are 
not wetted by the molten material but tend to repel the 
same and are purposefully heated to a relatively low 
temperature so that radiation effects therefrom are mmor 
Further, according to this invention, a refractoiy body 



the v«porfew to made, and the emptoymmt of such va^ 

This application is a continuation-in-part of mv co- 
pending patent appKcations Serial No. 551,086, iiled De- 

^T^l ] n^' ^ ^^^'358, bith mw aban- 
doned, filed December 29, 1955. 

ITiere are many proposals and practices of heating a 
metal such as alnmimim in vacuum so that the vaiMrs 
are brought onto and form a coating on a sabS. 
Sometraies tbis is a purely batdi operation; for example, 
ae substrate is an article, which is placed in a bell jar 
vHth an electncaUy heatable fflament in contact with a 
mass of the metal; the jar is sealed and evacuated, the 
filament ^heated to flash metal to vapor and produce the 
deposit, the jar vacuum is released, and the article re- 
moved: wherewith a long life of the filament Is not crit- 



the substrate as a rolled web, to provide a vaporizer ele- 
ment heated as by its electrical resistance, to bring fhs 
ccatmg matenal to the element so that it is melted and 
\raporjzed, and to miwind and move the substrate through 
the vapor and re-wind it within the evacuated space: here 
t&e hfe of the element must be at least long eoou^ so 
that the web of substrate is coated before the sS fe 
broken, and a life for several such operations is desirable. 
Also, foUy contmuous operations are desh^ble. in which 



' — iu-guiy tcsiaiaai lo sucQ 

attack, speafically refractory borides of transitional metal 
elements belongmg to the IV-A, V-A, and VI-A groups 
of the periodic system. Por eitample, the borides of zu- 
AO conium, titanium and hafninm are practically not attacked 
or dissolved by molten ahminram; and can provide a bar- 
rier flhn or layer upon a carbon body which prevents 
attack, by molten alummum upon the carbon body, and 
which itself has a long operational life. The borides of 
^" columbium, tantalum and tungsten aie likewise ci^ablo 
of use for example during heatmg and evaporation of 
aluminum and other metals having a vapor tension like 
or lower than that of alummum, and having similar or 
lower relative solvent power for the boiide. Molybdenum 
and chromium borides can be employed whh materials 
having effective vaporization velocities at temperatures far 
enough below that of the boride melting pomt so that the 
boride remains in place without significant loss by vap- 
orization or by erosion due to solubility or metathesis. 



icaUy important It has also been a nractice Tn nrnvS« 3ft S'^^ation or by erosion due to solubility or metathesis, 
the substrate as a rolled web! to?rolidf f v^nnW^'^l^ ^ imderstood that the borides of said 



families of elements are refractory, i.e.. of high melting 
point, and are highly resistant to chemical attack: and 
that thej' may be employed as individuals or in mixtures 
up to their respective melting points or their develop- 
ment of significant vapor tension, with many deposition 
materials. 

When the matwiiU is to be exhibited, during vaporiza- 
tion, in the form of a thm film, it is preferable to pro- 
vide a surface for contact by the material which 



the web or other long substrate is fed through a seal to *0 l^^^ ^^J^'L "^""^T ^^^"^ ^^^^ 
an evacuated coating chamber for the coatiSg operaSn Ji ^f^^ J*^^ the molten matenal so that a regular 
and then withdrawn through an outlet seal and coSd f??, ^ ^''f 1^, "^^^^^^ "^^^'^^ 
externally of the chamber: in such cases, a very 1^^^ ? • ^1*"' ^^^^""^^ mv^nMon includes the pro- 
of tlie vaporizer element is necessary/ bec^se^own I vaponzer element in which a wet- 
time" of the apparatus for replacemem of v^orizer X « ^ILTI^S^X vr^n^^ and the molten material in 
wms is Wm undesirable on an ^m^f^ % 'ff ^.^^^f ^ isolated from the underlying 
because the vaporizer element should haveaSgulSfyS STJl ^ * ^^/^ °^t.*".'^ ""'^^ ^ 
output of vapor over a long period of S fo^CSS SS? f ^ ^ ? 
unifomaty of ooatfaig on iBie substSe^^ T^' For example, m alunmmm depositions in vacuum, 

A simple procedm-e is to employ a Resistance el«nent W ^LTfTiff wS^^k*"^ ?T \ "^^'^^ """^^ ^ 

ith a metal or carbon base and e^WHf fSf. iSJ^J S?^ ?^ boride adherent tiiereto, and an outer wet- 



with a metal or carbon base, and exhibit the molten 
<teposit in material thereon: but the efiScient Hfe of such 
elements has been short, for example, In some cases an 
hour or so and in other cases less than an hour. A com- 
mon basic body for a vaporizer element is carbon, par- 
ticularly w^ien the body is to be heated by its electrical 
resistance to a current passing therethrough. However, 
carbon is subject to attack by many materials which it is 
desirable to deposit For example, aluminum attacls a 
carbon surface, with production of carUde, 

For the coating of long continuous strips and strands of 
material, movmg at a proper rate for the spedfied deposi- 
tion thereon, it is necessary that a supply of the molten 
material be maintained for a long time at a proper e^^p- 
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table surface provided by a free refractory metal or a 
refractory silicide. As a further example, the wettable 
surface can be produced by presence of an impurity 
(e.g. boron or a dlldde, or a metal present from excess 
in the forming operation) in tlie boride mass, or by op- 
erating at temperatures at T;i3ich the boride itself has the 
property of b»ng wetted by the metal to be deposited (e.g. 
aluminum at, say, about 2100* C.) When the demMt 
is to be heated resistrvely, as set out in the copending ap- 
w plication, it is prefrared, with aluminum for example, to 
have the molten alummum present as a lilm of aboct 
fifteen Aousandths of an mch in thickness, rather than 
m droplets on a non-wettable surface and from which 



. . , - — « ; — ; — -' *~-ir« the Uneven and individual keatine of such drons often 
So?h« J^'^lH. «5 leads to explosive dismtegration of iTSoS rSS 

S-i f i * . ^. ^ . A. farther advantage of having the molten material nres- 

rianr™Sf.i^.d fn ^Tt.^*fir'"''°?:t as a film, with conductive Lterials Si^Smi^, 

f 1^ ! thin fihn capable of regular evap- is that the electrical path through the fflm and 1^^' 

cS?^ oTSS^J""^^ ^ table supporting snrfa^ is of lesfimitres^te^etSn^ 

material; by the employ- pa& through a carbon body, so that a higher currSS 

ment of a heatmg procedure m which a part of the area intensity is ives^it m and a^acent the moSen^i^^ 
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fhaa ia the carbon, wherewifh tte electrical current is 
more eflScienUy employed than by transferring heat from 
the carboa body into the molten material with the ac- 
companying requirement of high temperature in the car- 
bon body. Heat radiation from the carbon body is not 
only an economic loss, but is operationally disadvan- 
tageoits when substrates of heat-aratsitive substances are 
to be coated, such as wi6b8 or fiiflmwnfa of ceUuIosic or 
synthetic origin. 

An object of the mvention is the provision in the art 
of vacuum deposition of method and means whereby a 
limited area of th& vaporizer element is effective for 
presentation of a fihn of the material to be evaporated, 
whQd other areas remain relatively free from such fflm. 

Another object of the invention is the pnmsion of a 
y^ri^r element for the material to be evaporated, hav- 
ing thereon a limited area npon whidi the molten mate- 
rial will readily spread. 

^ A farther object is the proviaon of a vaporiner having 
differentially heated parts efeictive for promoting migra- 
tion of the molten material toward a hotter region and 
for restnctii^ mov^ent toward a ccdder region. 

A fmlher object is the provision of a procedure of 
depositing a material in vacuum by the controlled heat- 
ing <rf a body to different temperatures at defined parts 
thereof, bringing the material into a molten fllm formed 
at a hotter region of the body, and thermally controlling 
the movement of the molten material. 

A fnrdier object: of the inventian is the provision of 
a vaporizer element having a refractory siqpporting body 
ettbject to attadc by the material to be vaporized, and 
laving thereon a barrier layer of a refeactoxy boride in- 
hibiting such ooQtact. 

A further object is the provision of a method o£ mak- 
ing such vaporiza: elements, 

A ftirfher object is the provision of a method of de- 
positing a material on a substrate in vacuum, comprising 
supporting tlie material in molten form by a body sub- 
ject to attack by the material to be vaporized, with inter- 
position of a layer of a refractory boridb for inhibiting 
contact of ttte material with the body, and heating the 
material to e:ffect evaporation thereof in the vacuum. 

IHustrative forms of practice of the invention are 
shown on the accompanying drawings in which: 

FIGUKB 1 is a section on an upright plane through 
a vacuum deposition apparatus according to this invenr 
tion; 

HGTJRE 2 is an upiight section through a modified 
form of apparatus; 

■HGURB 3 & a ctoss-sectiicni titroagh one form of 
vaporizer element; 

HGUjRJB 4 is a section thiough another fonn of 
vaporizer; 

FIGURES 5, 6 and 7 are sections tibrongh farther 
modified forms of vaporizers; 

FIGURE 8 is a perspective view of the vaporizer stnic- 
tm:o as shown in PIG. 3; 

HGURE 9 is a perspective view showing a vaporizer 
and its connection clamps upon the supplying bus bare; 

FIGURE 10 is an end elevatios of a damp with a 
vaporizer unit therdn. 

HGURE 11 illustrates in perspective a vaporizei' ele- 
ment having a barrier film of Ihnited lateral dimension. 

In these drawings, HGURB 1 shows a conveotiQnal- 
ized vacuum coating apparatus including a chamber 
provided by a drum 10 having at its open ^d a flange 11 
wbicih can be sealed to an upright fixed wall 12 and so 
held by flw bolts 13. The chamber can be evacuated 
by an appropriate pumping system (not shown) through 
a duct 14. The wall 12 supports die horizontal take-up 
roll 15 which Is driven by means not shown. A supply 
roll 16 has a web or strands of metal, j^astic, etc, upon 
which the deposition is to be perfoimed: the illustrative 
web 17 is led in the direction of the arrow over the rolls 
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18 and 20 to the driven take-up roll 15. Also supported 
from the wall 12 are the pairs of bus bars 21 having 
clamping connectors C leading to the ends of the rela- 
twely heated evaporator elMnents E described herein- 

5 after: it will be noted that an appropriate number of 
such elements can be positioned beneath the traveling 
web 17 to effect deposit on the lower surface thereof, 
with the top surfaces of the elements in horizontal planes. 
The material to be evaporated and deposited, e.g. alu- 

10 minum, is illnstratively supphed as wire from reels 23, 
being led therefrom by the driven wke-feedmg means 
24 including guide tubes through which the ends of the 
respective wires come to the tops of the elements E near 
the centers Of length thereof, and the material is there 

le melted. In practice, the end of the wire is moved back 
and forth along the vaporizer, to vrfthin % inch from 
each end: this can be done by moving the feed rolls 24 
correspondingly. 
In FIGURE 2, the chamber is formed by walls 25, 

20 with scalable access panels 2^5, Partitions 27, 28 divide 
the chamber into a central coating compartment 39, the 
end supply compartment 30 and Ihe end take^p com- 
partment 31. In compartment 30 is the roll 16a of ma- 
terial to be coated, from which the illustrative web 17 

25 moves over the guide roll Un, thence through the slot 
32 in partition 27 and thence imo tiie compartment 29, 
there passing over a turning roll 19a and moving down- 
ward in compartment 29 to a turning roll 19^, thence 
passing through a slit 33 in partition 28 and entering 

30 compai'tment 31, where it moves over the guide roll 
20fl and is taken up on driven roll I5a. During this 
passage through the compartment 29, deposition can be 
effected simultaneously on both sides of the web from 
the vaporizer elements E disposed at both sides and con- 

S5 nected to the pairs of bus bars 21 and supplied with the 
deposit material in wre form from the reds 23, as in 
FIG. 1, Here, the feed rolls 24 can be oscillated trans- 
versely of the elements E, above the layers 43. In this 
form, the elOTients fi are incUned, for example at 45 
degrees, with their film-presenting surfaces addressed 
angularly toward the traveling web 17, and the supply 
of material to be evaporated is delivered near the upper 
ends of the individual edements E, Here, also, the num- 
ber of elements E, and their specific positions and loca- 
fcions, can be determined by the abilities to generate 
vapor at the required rate and at the necessary points 
for effecting the desired depth of depont oa one or both 
surfaces of the web 17. 

Hectric cun-ent in parallel conductors tends to flow 
along the path of least resistance; so that a conductor 
having one unit of resistance conducts twice tiie current 
as a parallel conductor with two units of resistance. 
The eiwrgy converted to heat can be represented by PR, 

gg tiiat is, by the product of the square of the current and 
the resistance. A conductor of significant cross-section 
can be regarded as a bundle of multiple conductors each 
having its own resistance &ctar. 
The heated vaporizer elemients or units for the struc- 

gQ tures of FIGS. 1 and 2 may be made in various wa^'S, 
illustratively as shown in FIGS, 3 to 10. 

In FIGS. 3 and 8, the vaporizer dement E has a car- 
bon body shown with a flat top having a groove along 
its length at a central part thereof, for receiving strips 

gg 43fl, 436 of a material wettable by the material to be 
deposited These strips may have a thickness of %ooo 
of an inch, for filling the groove provided in the carbon 
body. The under surface of the body B is beveled from 
its edges, so that the body Is thinner at the edge portions 
41 than at the center portion 42. Thus, the dectrical 
resistance along the center of width is less than that 
adjacent the longitudinal edges, corresponding to the 
smaller cross-section of the portions, and correspond- 
ingly a greater proportion of the total dectrical energy 

75 is converted to heat along the cestex than at tiie edges. 



ui^r^^tZ ^ ^ vor^ ^ blodts « (FIGS. 9 and ,0)1 ,,I*h .r. fe, «. 

In FIGS, 3 and 8, tiie ends of the bodv have a arMt^ ''^'^"^ , vaporizer elements E and Lave iha 

thickness, as indicated by the prS^oS »Tu "^"^^ ^^^^ the parts being assem- 

a proper cross^ction th.r«atX tLTtrtis^srn S n w T™. *\ ^ * *^ 

fte electrical current to and from the eleS^ Tn thk ^.t ' ^^^.^e^^^*^^ « Part of each clamp piece 22a is 

form, aho, a cavity 45 fs pro^fd on the^^^^^^ s^r^e ZXl ^ ^^^^'^ shortK^irc^iting. An 

Of the element B, for recei^n^ the supply of Sten^ Siln v^'S '"'^^^ ^7 provided 

twial, the inner eiuh of the Xing 43;, «a J^?iri^ between the block 22 and the damp piece 22«. and is 

tact with the pool of Ltri^L '^^g S^^*^^ P?^/^ in position by. 

spread into the evaporation film- this caS? i7lf!Sf„, ° " ^^^Jlv^"^^ accidental contact or short-circiiting. 

desirable when the dement isti^lTZiLf^m^ ^"^^ satirfact^ current tranrfer arels 

trated in FIG. 2. After a period^ u^rofttie nnf/ ^In ^ ^^^"^ ^""^ ^^^^^ 

PIGS. 3 and S, the ^umm^^^^^^l^ ^ll^ ^t^H^S" ^^^^'J ^ ^ 

face of the strips 43a. m for JTSidl w^b i« ^? ^^f^'^r^nii^^^ ^^^S ''^^Its if desired. 

b" ween"Sr tft^fbo^"^*^^" ^ ^^^"^ eni^t" r J-/^-- ~ns, it is prefe^ed to 

The evaporation zone provided by the strins 43a 4^ft S wM« T^^?^ "J^^ iUustratively is ^ 

with the molten material fonLg a L^in ^^tf^ fnd on nnn Z t £ ^' ^^^^^^'^ ^^^^ the upp^ 

a film on the metal layer,Sh^ H isiSL Sl^ ifl ^v^"^ ti^e underlying part of the I^r 

corresponding section of the carboii bn^^ ^S?? - aal extttiding Va mch along the length of the layer 

more highly heated top suS^i of Ifc S^S^rtLi: rS.^ ^"^^f^ '^^ ^^^^^^ 

41 are cooler than the centS^Son « ISd Ji, ^^5"^^^^ ^ Wock C 

wettable by the molten mat^.C w'th^lafter S« 9, J^^^^^^^^^oly Wenmn strip and thence along the layer 

little tendency to creep Uto^Uy tTJdtt eZ^Z^ anang^aent the heating effect is largely 

stead the heated centrfl poStSTo d^w fhe molten Z Si h^1,S f'Vj^^^'^^ I"^'^ 

material wettable by ^mater^ toS ILl'w^ ^K' ^1 ^^'^ ''^P^^ ^"P^ ^^^^ directioni «C 

The form shown in FIG 5 is similar fo th^f ?n mn 1 . f S^^*^ ^ ®nd % inch thick be- 
but is non-symmetrical in that t^if. 3 ^ °>a^«J"al Portions ai^ 
41 extends farther cwS^^Sf I^^^^^^ ^l""? ^ 
the left-hand portion 41 doL In^S a/ T^J^aZ^ ^^^^ ^^'^^ 
cavity has been omitted: a simpleli^ove Sl^cut ^ «ad 
ma^e»f r.f^ ^ the jlt ^Tstrip^f ^^LtlS! ^^^n'"^ o, ^ «eh.and th«s overlying the central 

««! cr«pag8 is more in one K dSS^'i^f J^^J^i,"^'',"*^"* "M^rial tends 

longitudinal band for a nart of ite ^. " <lie film is Kresent terminates short of the edcei 

action, JtStTmaterWiT^iS^-J^t^ dStr f ceXfS,- '^'^ " 

this body actfto rednc. Iteir tS^S^T* ' SX™^ 7k '^'^ *2 ^ ^ ««>Peratm-9 of%™„,d 

^ lo FKJ. 7, the CHibon core or bSdy fe^i homogeneous. ftTataSn^,^?" vapor i«s™re of 

material, «^ the side portions 52 i rfS ve wto LTL^^ * '^'"''S °* alnminnm 

composition, e.g. a com^sition haC a ^^^^'^ 2f„t fiSJ^'i^r™"??* ^ ^ «"'agi«S 

lion of low-condneUve admixed sutetenreS^L S;" bnhHir^J^™'^*^ of an iadi, is nS 

m.m <«ide, -fadin. be,yni»m axide!Tte?nStSteSto ^Mvln 'a,^™ V «™«»«*» Hto^mm 

me.^nfitam..^.Iat«.ocp^-.item^^S SS&l'^f ^^^90*^ 

^ te^inals C « «e end. o«. be provided <S « S.°i^ortr JnSi°lS.S??S*^t 



oidy ahont 40 pcrceait af the vapor was being directed 
within the 90 degree angle. With the above-spedfled 
heater, 93 percent was bang confined within the 90 degree 
angle after two hours, and the speed reduction was not 
required. 

In practice, tha total heat radiation from the assembly 
in FIG. 2, for example* is roughly 20 percent higher than 
of an element having a recfangiilar carbon ewe inch 
wide, wi& a wettaUe coating <Ht die en&e top surface 
thereof. 

In eadd form of vaporiaer structure, the carbon body 
provides an adequate mechanical soppcHt for the molten 
material. The layer 43 can be of suitable composition 
which is not readily dissolved or reacted by the materiail 
to be deposited, but vhich is wetted by such matedaa and 
preferably itself is of conductive nature, for exampib, 
when aluminum is to be deposited, this iayer may be 
formed of highly refractory carbides, borides, or silicides 
of tungsten, molybdenum, titanium, tantalum, columbinm, 
aaiconium, vanadium, and chromium, or of the said 
elemmtal metais themselves ^cept chromium. Wettable 
refractory nitrides soch as titaninm and zirconium 
nitrides may be ranployed; the refractory nitrides of 
other metals are useful. In general, sudh materials are 
satisfactory in the deposition of many other metals and 
materials to be deposited: noting that the Ktid meta^ 
carbides, borides, silicides and nitrides are useful where 
the evaporation is being effected at temperatures and 
pressures at which the reCractory material has an insig- 
nilicant vapor pressure. Carbon itself ha$ a lelath^ 
high resistance per unit sectional area, as compared to 
the resistancQ of such layers and of the molten film 
itself: for example, at around 1500 degrees C, the re- 
sistance of a section of carbon in a heater unit may be 
more than thirty times greater than the resistance of 
an identKal aectional area of tungsten. Also, carbon is 
not readily wetted by molten aluminum or such mctals 
as gold, copper, silver, etc. It is presently preferred to 
employ the silicides of the foregoing metals for the 
barrier effect, as then diere is only a slow dhange over 
time by further carbidization from the caiton core^ and 
because they can be applied very simply by use of mixed 
silicon and tungsten powders for exan^e. 

Another practice is to employ a composite layer: for 
example, silicon powder is suspended in iicetone; tiie 
mixture applied to the surface of the carbon core; and 
the acetone expcHed. A thin foil of tungsten, having a 
width of ^ inch in the specific example described for 
FIG. 6, is then held in place upon the silicon deposit, 
and the assembly heated so that a barria- and bondmg 
i^erfilm of silicon compounds, partiteidarly tamgstea 
silicide, is formed, with the exposed surface of wettable 
free or el^ental tungsten. As another example of prac- 
tice, tungsten and cobalt powders or tungsten and chro^ 
mium powders can be mixed and applied to the are^ 
of the carbon core at which the layer 43 is to be formed: 
upon heatujg, the cobalt or chromium acts as a temporary 
binder for holdmg the tungsten upon the carbon base, 
with a heatmg to fusion for example in vacuo or an 
inert atmosphere: a higher temperature then expels most 
of the binder metal, that is, that which has not itself 
carbidized, and the tungsten is left as an intennediate 
bhidlng film of tungsten carbide with a smiace of free 
Of elemental timgsten. 

As the evaporation operation is continued, for example 
with alummum, smMl quantities the kyer material 
are dissolved in Sie alummum and tiien ore precipitated 
again as the aluminum evaporates, particularly at flie 
colder lateral portions of the film: thus, dong the periph- 
ery of the fihn, the precipitated material extends a 'little 
beyond the boundary of the original area of the layer. 
This dissolution and deposition continues and there is a 
gradual progression of the area occupied by such pre- 
cipitated material, and therewith the wettable area grad- 
ually widens. In practice, there is some condensation of 



10 



15 



80 



30 



3S 



the evaporated material upon ^e elements £ and thdi: 
contact blocks C, but this deposit is insigniScant ele- 
ment surfaces laterally outside the evaporatiag film; upon 
the parts of a contact block C where the layer 43 enters 
the same, e.g. over the molybdenum contact strips in 
FIQ. 8, a building up has been noted during the course of 
effective life of tibe element wi-^i an advantage of reducing 
the transfer resistance to current movement between 
contact 'block and eiement. The life of the vapwizer is 
therefore determined by the lateral growth or ^reading; 
when the affected area extends to or past the edges of the 
carbon core, the aluminum evaporated from the vaporizer 
elranent is not directed as before in a cone or wedge of 
small angle, and thus toward the material to be coated; 
so that a Icssct coating thickness is provided upon the 
subs^ate for a given rate of sirpply of the illustrative 
alummiun to the vaporizer, and other apparatus parts re- 
ceive uadffliied coatings. Aluminum, when molten under 
tiie conditions of vacuum deposition, e.g. at a temperature 
of 1400 degrees C. and a vacuum of around one mn 
within the chamber, has a slow sol-vent action upon the 
carbtai core, widi the formation of alumimuu carbide as 
stated above, and position of this at the edges of the 
layer 43; but in practice tliis action is very slow so that 
the vaporizer elements E can operate for a long period of 
continuous operation or for msmy successive batches. 

The layer 43 tiius has severa/l fimctions, particularly 
(1) regarding dieraical action between the material to 
be evaporated and the material of the vaporizer, (2) 
assuring raifad spreading of the anolten mefed over a 
defined area of the vaporizer, (3) retarding spreading of 
the metal over the entire siuface of the vaporizer, (4) 
assisting in procuring a maximum tempemture at the 
defined area. Carbon itself, in the graphitic or semi- 
amcMphous form en^loyed for such vaporizers, is not 
readily wetted by aluminum and other metals and sub- 
stances here raiployed for vacuum depositions except at 
excessively high temperatures: so that the ahimuram, etc, 
does not spread cmt thereon. 

The film ol molten material is controlled so that it 
overlies the layer 43. The newly supplied material from 
the wines moving from reels 23, 23a is quickly distributed 
along the length and across the width of such layers 43. 
The lesser resistance of the element E and the moiteu 
material thereon, adjacent the portion of its width lepre^ 
semed by the layer 43, thus causK the fiim to be more 
higily heated tfean at the marginal portions of the ele- 
ment, such as the parts 41 in FIGS. 3 and 6, and the 
margmai edges in HGS. 4 and 5. With the spacing of 
the side edges of the layer 43 from the side edges of the 
carbon body, the molten material does not initially flow 
to ^ edges of the carbon body, but it is essentially con- 
fined to the area of the layer 43, and the greater heating 
and ite hiiJier temperature at the central area tends to 
retain the molten material at the center rather than to 
facHitaJe its movement toward tho edges. These cooler 
side edges, furthermore, deliver less radiation energy, and 
hence have little effect m heating and causing deteriora- 
Uon of a thcrmoseiisitive material to be coated. 

In the form shown in FIG. 11, the body 60 is of 
carbon and has the enlarged ends 61 by which it may be 
held in conductive clamps and enjoyed as taught in my 
^pending appUcation for electrical resistance heating. 
The top of the eiement is shown as a plane and has, for 
a central part of its width and extendmg longitudinafly 
iot a distance permitting electrical ciirrent craiduction 
thereto (from end to end in the illustrated form), a strip 
formed as described hereinafter with a top wettable sur- 
face 62 and an intervening barrier layer 63. It will be 
undMStood that tlis illustrative body may be 4 to 5 inches 
long, inch thick and m inches wide at the middle 
of width and length; wia the boride fihn 1 to 5 thou- 
sandths tfiick, and the wettable surface layer 1 w 2 
thousandths of an inch thick: that is, the relative thickr 
nesses have been exaggerated for this description. 
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1fhebameram,8achas!ayer63inthedmwinc which ti,— , 
mterv^ between the moltS matoiS S^^a^. represented as: 

a&resaid refractory bondes. The top wettable sutface « converrion: ^ 

Slw l^^h"" ."t J' evaporated and deposited. Jta , is to employ mixed particles of 

h M^^if alaminum, the wettable sur- ^^^^ **^f^.^f> ^.^"'n- and the selected metal The pro- 
tlSk??^,^^!f 1 ^ "^"^ ^^^^ molybdenum. of silicon should be slightly in excess of timt f or 

^S^^i^^"^ T' ^^^^>i^^^m, vanadium and lo ^'^"^"^s o^de and for combining with thi 

S^SSlo^^^^^^ ^ 22r-.2B.03^3Si.2ZrB.+3Sia, (4) 

"^^^^ ^ of such 16 ? tl^^^^<ithod, &e silicon dioxide is instantaneously 

n^als m matures of the elementi metal or metaJ? 3"^*"^ ^^^ely forms, and an end poinT s 

onfra^L^'tht ft^^^^^^^^ ^'"^^ °* '^^^^^S' In b^^S^ '^^"^ ^ '^"^ impenneable coating i 

operation, fee function of wettability is acccanpanied by '''*P^- ^ 

mnor solabdity, so that small quantities of the substance t""^^^ ^ ^ employ a powdery mixture of a 

evL . « precipitated ag-ain «s the mS f ^^^^ pre&rabi; in excess atS to :^ 

Ti» banier boride layer 63 can be prepared by pro- ^drconinm dioxide can be stated: 

3ng to a temperature for sintering or fusing them together ^ P"^ I'cactions betvveen boxon trioxide and silicon, and 
^LL ^^T"^ f?^"^ '^^Srees C. or abo^e) «S 80 J^^^^^^^^^I oxide (e.g. zirconium dioxide) andsUiSon 
£Sft of zirconium boride as a non-porous ^^^^ exothermic, and the generated heat fadli^tcS 

^ ^ni^'JS °* "^^t^s of thft reaction ^ith expulsion of the silicon dioxide 

• ^^^t ''e lilcewise employed, m zu-conium boride as a continuous film 

reaction can be formulated as: the treated area. 

SB .^t^^??,^!^ I»^cpare a powlery mixture of 

2r+3-^Ba ri^ ^<Sde^^^5%rf ^^^I. <^ompound (e.g. zirconium 

' u?^ ' °f*'™' is placed on the refractory 

A ,u ^' ®* ^ structure, and heated, under reduced 

l^e noting that organic liqmds 'are volatileTtelow h^ ^« ^l,''^-^'^ compound (e-g. arconium dioS:^. 

Inaction teniperature. aiid applying a coating Sof to *^ J^ul «i^tal) and borofS- 

area to be coated. Wlieu the support is a carbon or '^^'^ ^^'^^^i^^S tbe barrier 

om.r conductive body, this may be h^ed by pSg S tfu ^f^^^^^^^S accomplished und« reduled preSe! 

electric curi-em whereby to attsun a temperatiie at which ^^^^tons which can be stated generally: 

. ZrO,H-3B,0^7CH-2Zr=32rB,-,4Carf3CO, (7) 

gcle may occur in air; but it is preferred to conduSboft t^tZ £r^nJl ^ 2 ^ ^^^^^^ ^'i- 
the sUicide formation and the conversion to boride S w ? -^^^^^^ support, and 

vacuum or in an inert atmosphere at reduced preSur " '^"^^ 

to restrict heat losses to radiation effect and to avoid 55 ^s+4C^B^C-^3CO. m 

«ir?>i''' }>y'^^^^^^ous at the high *empi^tm-es. m 4B+C=B,C 9 

Si^^^tl f ^"2°^^ ^^f preferably present in stoichio- and Lhcn heat in the presence of the metaL ^hh^r «r« J 
metric proportion^, with a slight excess of silicon to assm-e m the original mixtuST^pfef L^^d^^eTZ 
^e conversion of ^ metal despite any silicon loss by horon Moxide after the carEtion?^ "^^^ 
evaporation. The reaction is highly exothermic, and the 60 ,r hj-r^.^ob « ' 

tempreature increases: the cunent intensity through the 3B,CH-8Zr-f 2B208=8ZrB2-f 3CO3 (lO) 

structure mc^ases due to the condnctivtty of the silicide alternative is to form the metal carbide on the 

layer bemg formed, and if desired it can be increased ^ ^ body, and theoi transform it into a 

further by raising the voltage between the terminal 

thus quicMy a smlace temperature is attained at which S'^.^^^^C (H) 

tlie boron reacts with the metal siUdde, illustratively zir- 3ZrC+2Ba03+2B=3&B3-{-3CD2 ( 12) 

rr.h!^ ^*fi*^ifde) and silicon is Uberated and imraedi- ^ examples, the illustrative zirconium can be 
ateiy evaporates at the prevafling reaction temperature ^fP^^ as free metal or the metal oompcund. by othea- 
and m uie vacuum. Zirconium boride remains as a hard ^„ iJff ^ °^.°»^^t«^e8 thweof from the IV~A, V-A and 
adherem layer of high density and impermeable to the il- ™ Irt ^a set out above; and the- vaporizer els- 

ustrative molten aluminum and essentiaUy insoluble ^^J^A^^^^ empJoyed with materials to be de- 
therem. In practice, the temperature can rise to the m^t- S^^IT^^ Vf'T^l 5®^^"^ pressures: and at tern- 
mg poim of the zirconium boride, and therewith the coat- t ^T^^S '^"^^ ^ vapor 

lias a gray metallic appearance. « I^S^J?^^'''™^! ^'^^^ <^ hafnium metals 

75 aw selected, ftey may be introdnoed in tb» form of by- 
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dtides instead of the free element, notifig-that the hydrides 
are less subject to attack by or combustion in ordinary 
atmosphere at room t^peratures, but decompose upon 
heating so fhat, even at 300 degrees C. the hydiogen 
begins to escape, and the hydrogen can thus easily be ex- 
pelled by heating in vacuo and can be eliminated before 
the respective reaction temperatures are approached. 

An escess of a constituent preset in refractory form 
with the boride barrier such as boron, or the metal, or in 
the form of reddual unchanged silicide, can serve to attain 
Of increase the wettability of the top surJIace at tb& oper- 
ating temperature. 

While the reactions have been stated on an overall 
basis in the equations, it will be understood that excess 
of one or more comEK>iiests may be present for the pur- 
poses stated; and that when the boron is present at below 
the stoichiometric proportion at the end of the reactions 
with raetals which form multiple borides, then the barrier 
is composed o£ mixed borides, e.g. with zirconium the 
inono and di-borides are present. 

nie top wettaWe surface 62 can be provided by sus- 
poiding a ndxturo of powders of silicon and one or more 
of the metals tungsten, molybdenum, tantalum, colum- 
bium, ziicomum, titanium, hafnium, vanadium, and 
chrofflinn% in water, acetone^ alcohol, or other vehicle 
which permits spreading and can be dissipated prior to 
the final reactions. This suspension is spread evenly 
over the surface to be coated, e.g. the boride layer 63 oa 
the carbon body The strucmre is placed in a vac- 
uum chamber or in an inert atmosphere preferably at 
reduced pressure, and warmed for esspelling the veJiicle, 
followed by higher heating under evacuation until reac- 
tion occurs -and the metal silidde is formed in place upon 
the underlying boride barrier layer 63. 

Another method of providing a top wettable layer 62 
is to place upon liie pre»formed banier layer ti3 a Hiin 
sheet of tungsten, molybdenum, columbium, zirconium, 
titanium, or tantalum, for example of a thickness between 
O.OOl and 0.005 indL No original bonding of the sbo&t 
is necessary; during the melting and evaporation of the 
material to be d^osited (e.g. aluminum) any spaces are 
quickly filled: and upon cooling the sheet and the boride 
layei' are found tigbtly joined togedier and <to the sup- 
porting body, with re-precipitated material from the sheet 
adhering to tbe sheet and the boride layer: and after em- 
ployment, the dissolution of the material of the sheet may 
have been total, with the re-precipkation having occurred 
to provide an adherent wettable layer self-bonded to the 
boride layer. The sheet preferably ^tends between the 
electrical tenninals imd forms part of the heatrng ciroiit 
The barrier layer 63 need not be prefccmed before ap- 
plication of the top layer 62; care being taken to control 
the reaction, speed so that the volatile components can 
esc£^ without dlslod^ng the material for the top 
layer 62. 

A further method providing a top wettable layer 62 
is to mix a very high melting point metal such as tungsten, 

molybdenum, tantalum or other sJore-mentioned metal 
with another of the metals or nickel or cobalt which has a 
melting point vs/tdcb. is lower but yet above the tempera- 
ture of empU^ent (which may be 1400 degrees C. with 
aluminum deposition) . The mixture may be applied as 
such or in a temporary suspension vehide, over the bar- 
rier teyer of boride; and liien gradually beated, prefer- 
ably in vacuum, until the lower melting metal sinters 
or fuses and forms a bond between the particles and to 
the barrier fifan. This may be employed in such form; 
or the temperature may be raised so that the bonding 
metal is caused to evaporate in vacuo, wherewith the 
high melting oietal remains in place and bonded >to the 
boride layer. 

Also, as set out above so-called impurity can be left in 
the boride fihn for the purpose of wettability; for ex- 
ample by having the boron canstitnentlow so that uncon- 
verted siHcide is present, e.g. 4iie barrier is of mixed zir- 
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conium boiide and ^dd^ wherewith the silwide at the 
surface procures the condition of wettability. 

The wettable surface 62 may be of lesser width than 
the barrier layer 63, as shown, when the widtlis are less 

5 than .the periphery of the refractory support: and there- 
with the molten mat^lal covers the wettable layer 62 but 
does not pass onto the projecting parts of the barrier layer 
63 when the same is not wetted under the conditions of 
heating, and thus the molten material does not pass onto 

10 the exposed part of the illustrative carbon body 60. 

Likewise, the wettable surface can be provided in many 
ways. For further example, if the deposition to be 
effected can tolerate the presence of sucb sujface-provid- 
ing element or elements, or if a low-content alloy thereof 

IS with a deposition material is desired, then the vapor ten- 
sion is of less significance or even d^irable. 

Such vaporizer elements of FIG. 11 can be wnployed 
in a vacuum chamber as in FIG. 1, wherewith the pres- 
ence of the barrier layer protects the refractory support, 

20 e.g. the carbon body, against contact by the molten ma- 
terial which is being evaporated from such a vaporizer 
element and vapor deposit effected upon a substrate. 

It is thus possible to use carbon bodies which are of 
heavier section than before, with greater mechanical 

25 strength, so that the life is determined by the lateral 
progress of the precipitation deposition rather than by 
materml destruction of the caxbon body by the alumi- 
num or other material to be deposited. iPnrther, it is 
thus feasible to employ longer bodies with thicker car- 

30 bon sections, rather than the diort wide bodies of uni- 
form electrical resistance througjiout the elements of 
sectional areas; noting that these short wide bodies 
have obvious disadvantages by cxtemim reduction in 
section by cofrosionj and the demand for very low volt- 

36 ages and very high current intensities with corresx>ond- 
ingly large sections required tor the supplying bus bans. 

It is obvious that the described forms of practice are 
not restridivB: and that the invention may be employed 
in many ways within the scope of the appended claims. 

40 I claim: 

1. A vaporizer for evaporating aluminum and like 
materials having low vapor pressure a£ elevated tempera- 
tures, cominiring an electrically r^istive heating bo^ of 
refractory substance resistive to wetting by ^ m(^ten 

45 material and having along its length 'a lower electrical 
resistance at a central part of its width than at its sides 
and iodudiog a refractory coating presenting an outer 
surface wettable by the molten material and being re- 
sistant to attack thereby and located upon the said body, 

SO said coating extending along a central part of the tradth 
thereof with its side edges spaced frcmi &e side e^es of 
the body. 

2. A vaporizer as in claim 1, in which the coating is 
composed of a substance selected from the group coia- 

55 sisting of the metals tungsten, molybdenum, titanium, 
tantalum, Columbian, zirconium and vanadium, and the 
carUdes^ borides^ nitrides and sHld^ of tungst^ mo- 
lybdenum, titanium, tantedum, colunbium, zltconium, 
vanadium and chromium. 

60 3, A vaporizer as in claim I, in which the heating 
body is of homogeneous carbon and has a relatively 
ttiick central longitudinal portion and relatively thin side 
portions extending therefrom, said coating being located 
on an upper surface of said central pcartion and essen- 

65 tially of Ae width thereof. 

4. A vaporizer as in claim 1, in which the coating 
compiiseB a barrier film upon the body, said barrier film 
being selected from the group consisting of the borides 
of the transitional metal elements belon^ng to the IV-A, 

70 V-A anli VI-A groups of the periodic system, and a 
surface layer upon the barrier £lm, the substance of 
said sur&ce layer being more easily wettable than the 
barrier film by the material. 

5. A vaporizer for evaporating alunmmm and like ma- 
ys teriak having low vapor ^essure at elevated tempem- 
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tares; comprising an electrically resistive heating body 
of refractory substance resistive to wetting by the said 
material when molten and having between its ends a cross^ 
section with beveled snrfacea extending jBrom its edges 
so that the body is thinner at the edges than at a central $ 
part, and including a layer of refractory substance wet« 
table by the molten material and being resistant to atta^ 
thereby and located upon the said body, said layer ex- 
fMKliag along a central part of the width thereof with 
its side edges spaced jErom the side edges of the body. lo 

6. A vaporizer for evaporating aluminum and like 
metals having low vapor pressure at elevated tempera- 
tures, comprising an elongated electrically redstive car- 
bon heating body having ends for electrically conduc- 
tive connection and between said ends a cross-section ig 
with greater depth at a middle portion of its width than 
at the sides, the cross-section including a substantiaKy 
'horizontal upper surface portion, and a layer of refractory 
substance wettable by the moHen naetal and located on 
said upper siirface portion and extending along -flie cen- 20 
ter of the widfli of the body from one said end to the 
other said end thereof and having its side edges spaced 
firom the side edges of the body; said layer being of a sub- 
stance selected from the group consisting of the metals 
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layer having a lesser width than the periphery of the body, 
said vaporizer beicg characterized m having a greater 
electrical resistance along a part bare of saah layer than 
at the part having such layer thereon. 

11, For use in an apparatus for the vacuum chamber 
deposition of evaporated aluminum and like materials 
having low vapor pressure at deimtad temperatures, the 
invention which comprises the provision in fb& vacuum 
chamber of an electrically resistive vaporizer body of 
carbon, a layer <m a sorl^e of said body of substance 
wettable by the molten material to be deposited, said 
layer extending m the dtection of electrical flow throu^ 
fee body and beuig electrically conductive said layer 
having a lesser width than the said surfiue of the body 
so that its edges are spaced from, the side edges of said 
surface, said vaporize body being characterized in hav- 
ing a greater electrical resistance itong parts of the body 
adjacent said side edges than along said layer, and means 
for feedmg onto said layer the material to be deposited. 

12. The method of efFecting deposition in vacuum of 
aluminum and like materials having low vapor piessare 
at elevated temperatDres, by exhibiting the same upon a 
vaporizer dement, the invention which comprises heating 
a part of die top snrfece of the v^orizer element for a 



tungsten, molybdenmn, titamum, tantalum, colmnWmn, 26 central porUon of the width thereofmore highly than ad- 
zircomum and vanadium, and the carbides, borides, ni- jacent side portk>ns thereof whereby to prodSce tempera- 
trides .and ahcides of ttragstwi, mdybdenum, titanium, ture gradients with the hi^y heated portion at a tempera- 
tantalum, colufflbmm. zfrcoainm. van^tim tare for rapid eviration of the material and the 

portions at temperature below that of substantial evapo- 
$0 ration at the prevailing pressure, supplying the material 
to be deposited to the said Mghly heated poation of the 



tantalum, colunjbium, zirconhun, vattadium and chro- 
mium. 

7. A comporfte vaporizer for evaporating aluminum 
and like materials having low vapor pressure at devated 
temperatures, comprising an electrically resistive struc- 
ture having ends for electrically conductive connection 
■and between said ends a crosa^ection with a subsHan- 
tially horizontal top surface, a central portion of the 
width of said suriiace bemg wettable by the molten ma- 
terial and resistant to 'Bttaxk thereby, tibe side edges of 
the wettable portion being spaced from the side edges 
of said horizontal surfiice, the surface portions of the 
stmctuTie b^ween its side edges and said central por- 
tioa being resistant to wetting by said molten material 

8. The method of depositing aluminum and like ma- 
terials having low vapor pressure at elevated tempera- 
tures upon itxL article in a vactmm chamber, which com- 
prises locating in said chamber a heating body of sub- 
stance resistive to wetting by the molten material to be 
deposited, said heating body being positioned with a 
surface directed toward the article to be coated, heating 
said body more highly along a central part of the width 
of said surface than at the side edges thereof providing 
upon the top of the said body and along the cenliel 
part of its width a layer of refractory substance wettable 
by the molten material to be deposited with the ade 
edges of the layer spaced from the side edges of the body, 
bringing the material to be deposited into contact with 
the layer for melting the material and procuring spread- 
ing of the molten material over said layer and restricting 
movement beyond said layer, efl^otnig evaporation from 
ssdd layer of the material to be deposited, and Qifectlng 
deposition of the vapor upon the article, 

9. A vaporizer for evaporating aluminum, and like 
metals having low vapor pressure at elevated tempera- 
tures, comprismg a caibon body resistive to wetting by 
said material when molten, and a layer thereon of re- 
fractory substance ihaving a higjier meltinir point flian the 
material to be deposited and characterized in being wet- 
table by the molten material, said layer having at selected 
oroas-eedions of the body a leaser width than the width of 
the top of said body at the respective crosS'Sectloii where- 
by to restrict the area of said heater which is wetted by 
and iipon which the moltea material spreads. 

10. An electrically lesisttvc vaporizer for cv^omting 
aluminum and like materials having low vapor pressutft 
at elevated temperatures, compridng a carbon body and a 



surface whereby the same ia melted, effecting distribution 
of the melted material as a film over said highly heated 
central portion of the width of the surface for effecting 
35 evaporation therectf from the distributed fihn whereby the 
less highly heated side portions restrict creepage of the 
film toward the side edges of the element, and effecting 
deposition of the vapor upon the article. 

13. A vaporizer for evaporating material in vacuum, 
40 coa^rising a body of refractory substance of relativity 

low rraistance to attack by the molten material, and a 
coating on said body including a barrier film of substance 
of greater resistance to attack by the molten material 
and selected from the group consisting of the borides of 
the transitional netal elements beloijine to the IV-A, 
V~A and VI-A groups of the paiodic system, and a sur- 
face layer upon thebarria: film, the substance of said layer 
being selected from the group consisting of the metals 
tungsten, molybdenmtt, tantalum, columbium, zirconium, 
gjj hafnium, vanadium, and titanmm, the silicides thereof, 
and combinations of said metals and silicides with carbides 
of said metals. 

14. A vaporizer as in daim 13 in which the body is of 
carbon and is electrically conductive for resistance heatine 

gg thereof, 

15. A vaporizer for evaporatmg material in vacuum 
comprifiing a body of refractory substance of relatively 
low resistance to attack by the metal, and a coattog on 
said body includmg a barrier fihn of zirconium borido 

g- and a surface layer on said barrier fflm of substance wet- 
table by the molten evaporable material. 

16. A vaporizer for evaporating material in vacuum 
comprismg a body of refractory substance of relatively 
low resistance to attack by the metal, and a coating on 
said body including a barrier fihn of titanium boride and 
a surface layer on said bmier fihn of anbstence wettable 
by ttie molten evaporable material. 

17. A vaporizer for evaporating material in vacuum 
comprising a body of refractory substance of relatively 

70 low resistance to atfcact by fee metal, and a coating on 
said body mcludmg a superficial barrier fihn of hafnium 
boride and a surface layer on said barrier fihn of sub- 
stance wettable by the molten evaporable material. 

18. A vaporizer for evaporating mailerfel in vacuum. 



lettable layer ti^ ^ „ '^^ii^T^'^^i.'^^S^J^;^ 
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cIudiQg a stipe^dal bamer &m of ztFComiun ^orvle aid 
a surf ace layer on said barrier Ska. of substance \ratt!^e 
by the molten evaporable material. 

19* A vapotizer tor evaporating material in vacinmi 
coii^ari^ a carbon body, and a coating on said body in- s 
eluding a superficial barrier film, of titamum boride and 
a surface layer on said barrier film oi substance wettaAde 
by d]ie malteii evaporable material. 

20. A vaporizer for evaporaiting material in vaeaum 
comprising a carbon body, and a coating on said body in- lo 
eluding a superficial barrier film of hafnium boride and 

a siHface layer on said barrier film of substance wettaUe 
by the matter evaporable material. 

21. A vaporizer for evaporating material in vacuum 
coio|»isbig a carbon body and theoreon a sup^cial bar- is 
rrer layer of a material selected from th© group consist- 
ing of the borides of the transitional metal (dements be- 
longing to the IV-A, V-A and VI-A groups of tiiie peri- 
odic system, and an outer Jayer of x^tcactory material 
wettable by the mohen v^orizable material and selected 20 
from the group consisting of 4he metals tangsten, molyb- 
denum* tantidum, columbiom, drconium, helium, vana- 
dium, and titanium, the silicides therecrf, and combina- 
tions of said oKta^ and silicides^ mfh carbides of said 

' m«!tals. 25 

22. The method of maldng « vaporizer for evaporaiti(m 
of mtitorial in vacuum, which comprises applying to a 
refractory body a superficial coating of boron and a metal 
selected from the group ccmsisting <tf the transitional 
metal elements belonging to the IV-A, V-A and VI-A 30 
groii]78 of the periodic system, and heating the same to a 
tampemtore eHective for provoking the comibination of 
the metal and boron to form a cotutimious af^bea-isat metal 
boride coating on the surface of the body. 

23. Hie metihod of making a vaporizer for evapwa- gg 
tion of material in vacuum, whidb comfHcises applying to 

a carbon body a superficial coating of a mixture of boron 
and a metal selected from the group ccmsistiiig of the 
transitional metal elements belonging to iSit IV-A, V-A 
and VI-A groups of the periodic syst^, eadh in divided 40 
form, and hea^ng the same to a temperatare effective for 
provoking the ccanbfaation of the metal and boron to 
fiona a continuous adhere metal boride coating on the 
surface of the body. 

24. The method of maKing a vaporizer for evaporati<»i 45 
of material in vacuum, which comprises applying to a 
carbon body a siipKrficial coating of a mixtuie of powders 

of siUcon and boron and a metal selected from the group 
consisting of the transitional metal elements belonging 
to the IV-A, V-A aood VI-A groi^ of the perio<Ec sys- 50 
tern, heating the same to a ten^erature effective to ini- 
tiate reaction between the metal and aBicon* and tisen 
heating to a temperatiiFe effective to cause Tcaction b&* 
tween the resultant metal silicide and boron to form a 
contioiuous adherent metal boride coating on the surface 55 
ot the body. 

25. The method <rf- making a vaporize fbr evaporation 

of material in 'wacumn, which comprises applying to a 
carbon body a superficial coating of mixed powders of 
silicon, boron and a metal selectoi £rom tiie group con-' go 
sisting of the transitional metal elements belonging to 
the IV-A, V-A and VI-A groups of the periodic system, 
conducting electric current through the body n^Ie in 
vacuo whereby to heat the same and initiate reaction o£ 
the metal and silicon to form a conductive silicide coat- 05 
ing, and maintaining the current conduction and thereby 
effecting a greats heating at the sun&ce of the body 
whereby to initiate reaction between boron and the metal 
silicide with evaporation of the liberated silicon and there- 
by producing a continous adi^ent metal txiride coating 7^ 
on the sur&ce of the body. 

26. The method of making a VE^orizer &r evaporation 
of metal in vacuum, wluch comprises applying to a carbon 
body a snpeificxal coadng 0^ mixed powders of horon 
trioxide, siUcoo, and a metal selected from the group cgnt* 70 
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sisting of the transitional metal elements belonging to 
the rV-A, V-A and Vl-A groups ot the pratiodio syatam, 
and heating the same to effect reaction with evaporation 
of silicon dioxide and deposition of a continuous adher- 
eat metal boride cratmg on fhe surjfoce of the body. 

27. The method of making a vaporizer for evapora- 
tion of metal in vacuum, which conrprises applying to a 
carbon body a superficial coa.ting of mixed powders of 
boron trio:^de, silicon, and cRide of a metal sefeoted fiom 
the group consisting of the transitional metal elements be- 
longing to the IV-A, V-A and Vl-A gronps of the peri- 
odic system^ and heating the same to efEect reaction with 
evaporaition of silicon dioxide and deposition of metal bo- 
ride to form a condnuous ^herent metal boride coating 
on the surface of the body. 

28. The method of making a vaporizer for evaporatifon 
of matwial in vacuum, which comprises applying to a res- 
fractoiy body a supeiiicial coating of a con^^und of a 
metal selected firom the group consisting of fhe transi- 
tional metal elements belonging to the IV-A, V-A and 
VI-A groups of the periodic system, and boron trioxide, 
with presoice of carbon, and heating the same to a tem- 
perature effective for provoking reaction to form a con- 
tinuous adherent metal borule coating on the smiace ctf 
the body. 

29. The mcEthod as hi claim 28, in which the refractory 
body is of carbon effective to constitute as least a part 

of said carbon presence. 

30. The method as in claim 28, in whidi the metal com- 
pound and boron trioxide are apEdi^ as powders mixed 
with carbon powder, 

31. The me&od of making a vaporizer for evapora- 
tion of material hi vacuum, which comprises applying to 
a carbon body a superficial coating of powdery boron 
tioxide, heating to j^oduce boron carbide and continu- 
ing the heating in the presence of a metal selected ftoni 
the group consisting of the transitional metal elements 
belonging to the IV-A, V-A and VI-A groups of the 
periodic system, for effecting reaction to ^orm- a con- 
tinuous acQiereBt m^al boride coating on the surface of 
the body. 

32. The method of maldng a vaporizei- for evapora- 
tion of material in vacuum, which comprises applying to 
a carbon body a superficial coating of a metal selected 
from the group consisting of the transitional metal ele- 
ments belonging to the IV-A, V-A and VI-A groups of 
the periodic system, heating to produce the metal car- 
bide, and continuing the heating in the presence of boron 
and a reducible oxide whereby to form a contmuous ad- 
herent metal boride coating on the surface of the body. 

33. The method of depositisg material npon a sub- 
strate by evaporation of the material in vacuum, which 
comprises melting the material, supporting the molten 
material by a refractory support atfockable by ^ molten 
material, maintaining between the support and Htxs molten 
material a barrier formed by a substance selected from 
the group consisting of the borides of the transitional 
metal elements belonging to the IV-A, V-A and VI-A 
groups of the periodic system, maintaining on the bar- 
rier a surface layer of a refractory substance wiettable by 
the said material to be depoated, heating tiie molten 
material on said support to vaporize the same, and ef- 
fecting deposit of the metal v^or on the substrate. 

34. The method of evaporating a material in vacuum;, ■ 
whidi comprises melting the material and exhibiting the 
same in contact with a wettable surface of refractory 
substance and selected from the group consisting of the 
metals tungsten, molybdenum, tantalum, columbium', zir- 
conium, hafnium, vanadium, and titaniumj the sihcides 
thereof, and combinations of said metals and silicides 
with carbides of said metals, said surface being supported 
by a carbon body and isolated therefrom by a barrier 
layer of substance selected from the group consistmg of 
the borides of the transitional metal elements belonging 
to the IV-A, V-4 and VI-A groups of the periodic sys- 
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tein, and heating the said surface to effect vaporization of 
the matKial therefrom. 

35. The method of evaporating metal in vacuum 
which comprises melfinff the metaj by electrical resist- 
aiice heatmg on a carbon body, maintaining between tihe 
molten metal and the carbon body a barrier layer of a 
refractory boride selected from the group consisting of 
the borides of the transitional metal elements belonging 
to the IV-A, V-A and Vl-A groups of the periodic sys- 
tem, mamtaining on the barrier layer a surface layer of 
a refractory substance wettable by the said molten metal. 
Md heating the carbon body for effecting vaporizafion of 
the said metal 

36 The method of evaporating aluminum in vacuum, 
which comprises melting the aluminum by electiical re- 
sistance heating on a carbon body, maintaining between 
the molten aluminum and the carbon body a barrier layer 
of a boride sdectcd from the group consisting of the 
bondes of the transitional metal elements belonging to the 
Iv-A, V-A and VI-A groups of the periodic system 
mamtainmg upon the barrier layer a surface of a re^ 



Id 



fractory metal silicide wettable by alummum, maintaifi- 
^"y^'Wfea Carrier layer and the moltea aluminum a 
surface layer of refractory substance wettable by the 
molten alummum, and heating said surface to effect 
vaporization of the aluminum therefrom. 
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